GFDL’s CM2 Global Coupled Climate Models: Tropical Pacific Climate and ENSO
Andrew 1. Wittenberg®, Anthony Rosati, Ngar-Cheung Lau, and Jeffrey J. Ploshay

Geophysical Fluid Dynamics Laboratory, Princeton, New Jersey

1. Annual-Mean State 2. Seasonal Cycle 3. Interannual Variability

GFDL has developed two new global coupled ocean- SST diff o Along the equator, the models exhibit a ro- o Both models show a robust ENSO with multidecadal variations
: . fferences (°C) . Stddev of Interannual SSTA (°C) ) . . .
atmosphere-land-ice models: CM2.0 and CM2.1. Here L bust, westward-propagating annual cycle of in amplitude, an irregular period between 2 and 5 years, and

. . . . ’ . zZ o, o o o
we examine 300-year simulations, run with 1990 val- .} 2 SST and zonal winds. An overly strong 5 8 positively-skewed SST anomalies as observed. The evolution of
ues of insolation, trace gases, aerosols, and land cover. 0° o semiannual signal is evident in the equato- T~ ENSO subsurface temperatures and currents is also realistic. But
S PV
: r O . . =
No flux adjustments are employed. The models show o b o rial SST, winds, and currents. o< the SSTAs are too strong, too weakly damped by surface heat fluxes,
good simulations of tropical Pacific climate, includ- and less clearly phase-locked to the end of the calendar year than
ing the annual-mean SST, trade winds, precipitation, 1~ o (0) SST (°C), 2°S-2°N oaverage, minus onn meon -  the observations, and the simulated patterns of SST, wind stress,
. ' = . M2, 1 .. . . 1 a1 :
air-sea heat fluxes, currents, and subsurface thermal o ™ ONOff, oz (-19;%-32-5;23303@ M2 S 2L o and precipitation variability are displaced 20°-30° too far west.
structure. Some biases are evident: SST's are too cold [ <. z V\ | ) ------------------------------------------- o
. ' wme : S lity of ENSO ts >1
at the equator and too warm near South America; the = o I NINO3 SST spectra o trnz o “ren SCMZ 10
. ) ) (1954-2003) : :
southern ITCZ is too strong; the trade winds extend Q > WS O— _ . - |
. 10°N N © ] ] ]
too far west; the surface currents are too weak in the - L p S 0.25 ~
. . .. 0° - S S I o ~ 2 3 3
east; and the thermocline is meridionally too flat and N = il ( /\~\ 7 \X "
. . . . 0°S 1 ;a0 4= T N =\ W — ? WA © - AL
Sllghtly tOO dlffuse‘ The mean equatorla]‘ thermOC]‘lne 1 O 14(I)°EI 18IO° I14(I')°WI1O(I)°WI 14&')°EI 18IO° I14(I)°WI1O(I')°WI 14(I)°EI 18IO° I14(I)°WI1O(I)°WI 15(IZ)°W 12(;)°W gol°w % 0
slope and undercurrent core are well simulated. o ]
(b) T, (dPa), 2°S—2°N average, minus ann mean < ]
N 8 _2':
Surface heating (W/m?) ERA4IO I(19I79I—?OCI>1)I v c ] _ | .
annual mean, 505 —/ON a \4\\’9) ] 8 0 _3-:0:0'850C NNZiB_U:OgT,C E:igg?gzw.joc NNiigg_
| = ! | ° 0O >N MJJASONDJFMA MJJASONDJFMA MJJASONDJFMA
Cm2.1 R ° [ S -
26 10°N - 2 : - lg;u 8 Seasonality of ENSO extrema >1o
o g 32 G yu NOAA ER.v2
% N S L% I | O Lo, (lesdo00n) o CM20  CM21
3% £, T S S 2 = - : 5
& 10°5 4 Lt g = = R i i ;'
i : ﬁ e 207
- N, b SN \ N || | e S N A B < E 10 _ —IIJ_L — J_LL
o 10N 20 140°E 180° 140°W 100°W  140°E 180° 140°W 100°W  140°E 180° 140°W 100°W B A (1982-2004) c —‘ i Jf _?JJ—LI_LF
i3 ¥ ge NOAA ER.v2 (1880-2004) o 9 B ; ;
P B E CM2.0 (0001-0300 Lt
SN e JiF S5 : : : 52 ' CM2 1"§ooo1”—'03oog' £ 7 L %UJ"LJ}LJR
In the east Pacific during boreal spring, | | | il | 5
. . 1 ' 5 -2 : : '
strong rainfall south of the equator is linked 2 0.0 05 1~02 1520 25 N
5 B . . . N O o] N.=15} Ne=84f N =74f
'® 10°N I ‘ to an unreaIIStIC reversal Of the Slml.].lated . - < C> / octave 0 N TASOND JFMA MJJASONDJFMA MJJASONDJFMA
< o . . . . .
N o° meridional SST gradient and meridional ol T .
o : 140 1800 140w 100°W Lag—regressions onto NINOJ SSTA
10°5 gl winds.
(a) SST (b) T« (c) Up—som (d) To-3z00m(e) To-z00m (f) T
o | (0) Precip (mm/doy) at 110°W 2°S—2°N 2°S—2°N 2°S—2°N 2°9S—2°N zonal mean zonal mean
10°N g 7~ V=" PN N O
O L 2 O CMAP.VZ <1979—2003) TN . \ N
N, < . | { < 2 212 ) el TR | R A e o O
100 - N 0 N §"‘ = 3 F A oy )
_120—; - 10°S - B 10°N - ég g ..... ; \& C|) ;
_140_: \o\e(\\ T T T T T ' 2 ~ 1 | \~———uUnv/e==" S  EN O/ O | St [ \WETEEE [T NS\ NN ) et — (f)
T 180° 140°W 100°W @) 8 )]
135°E 180° 135°W 90°W 0° <C —_
] O 3
Temperature (°C) at Equator Temperature (°C) at Equator 10°S ga o
Assim (1980-1999), CM2.0 (bias shaded) Assim (1980-1999), CM2.1 (bias shaded) IBE) = ®.
1 1 1 1 1 1 1 1 1 1 1 1 1 1 (@] -
0 \ ‘ A ° —— ' JEMAMJJASOND JFMAMJJASOND JFMAMJJASOND - g %
T = = 10eN { - S
W3 < ' 5% SST (°C) at 110°W ‘
R / ! 0° L9 (b) (°C) at 2 O
2ol / 1ors | 27 NOAA Ol.v2 (1982-2003) CM2.0 CM2. 1 o
~— 1 \— 4 . = N - Y ~
_EO_ 150 = A5 / - b%ﬁ)/ \ ¥<o// \ \/ ! \ g D
- [l-;v'" 6 . | O\ i 10°N 0 g . . : = ®
200 ) R 1 g I 10°N 3 ] 9°_27 ) L - > 28| g z
! ~ 26 T~ —=27—1 2 \%’—\:
. . . . . . . . . . . . . . 10°S at 2 A v r< < Y A : .
140°E 180° 140°W 100°W 140°E 180° 140°W 100°W 10°S - o . v (§/° (\?‘ - R ,{9 o X N — ‘ ’ﬁ‘- : h
- ZA . . o (o] o (o] o (o] o o o (o] o o (o] o
\ ..... /-i : > ...... ' ‘\\ . / 160°E 120°W 160°E 120°W 160°E 120°W 160°E 120°W 10°S 0° 10°N 10°S 0° 10°N
10°N JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND  40°C - 180° 1~.4(I)°W 1O(I)°W
A ,ZO(:;;g”efgngg)ergzzrgt;bfe ( ?d L ,20(23'834efgﬂgg)ergzzrft;;e ( ?d I ; . By some measures, CM2.0 outperforms CM2.1 in the tropical Pa-
SSIm - ’ . Ids shadade sSSim - ’ . IS shaade C T d q Ot W . . . .
T N T /' 1005 ERA0 (197 200(1)) y ¢ CM2) 0 ENSO net sfc heat flux anoms (5°s-5°N)  cific, with reduced SST biases at the equator and South American
0 - - 0 - - . L - - L - - L - - L . . .
S S 4 - == e e, ‘W " === cmM2.0 cm2.1 ~ coast, less insolation at the equator, reduced oft-equatorial subsur-
o - \ P> o o o ] - 4 _ . .
N - on R’ . face temperature biases, a less intense double ITCZ, stronger sur-
| " :‘ £ 100 - "2 ‘ i ubsurface cm/s) at equator l .
| =] - M0, a1 e 190 wbe (ADCP & ot depth) N & face currents, a better annual cycle, and a less intense ENSO. But
. < Y o 166°%€ 170w 140°W ~110°w . ™~ . . .
1% | s L4 1 ‘ ~ ° i . c CMZ2.1 has a reduced warm bias below the equatorial thermocline,
o] VO O 9 N L\a ! ovs. & | = less intense rainfall in the SPCZ and northern ITCZ, a longer-period
REY; / \ LY. | : -\\;%zj- - | - ENSO with less of a westward shift, and a strong positive skewness
T S ' 1;‘;;:&00 S — JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND 1357 180° 135 90°w of ENSO SST anomalies as observed. <. Climate, in press>>

*Address for correspondence: Dr. Andrew T. Wittenberg, US DOC/GFDL, Princeton University Forrestal Campus, US Route 1, Princeton, NJ 08542. Email: Andrew.Wittenberg@noaa.gov



